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Technical Objectives 

●  Objective 1 is to determine mechanistic links among fire, 
soils, permafrost, and vegetation succession in order to 
develop and test field-based ecosystem indicators that 
can be used to directly predict ecosystem vulnerability to 
state change. 

●  Objective 2 is to develop models that can forecast 
landscape change in response to projected changes in 
climate, fire regime, and fire management. 
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Task 3: Identification and sampling of fire management plots 
 

Aboveground live tree biomass C was significantly smaller in managed areas relative to adjacent 
unmanaged black spruce forest (Figure 3.1). Results suggest that thinning reduced tree C stocks 
by a mean of 2 kg C m2 and shearblading reduced C stocks by 2.6 kg C m2. The mean organic 
layer depth was 24 cm in unmanaged forest, 20 cm in thinned stands, and 10 cm in shearbladed 
areas. Soil organic layer C stocks were significantly smaller in the shearbladed area relative to 
the thinned and control soils (Figure 3.2), however the C stocks were higher than would be 
expected given the large difference in organic layer thickness. This was explained by a greater 
bulk density in shearbladed organic layers, which indicates potential compaction of the soil by 
machinery used during management. Collectively, soil and aboveground tree biomass losses due 
to management were 2 kg C m2 and 4.5 kg C m2 from thinned and shearbladed areas, 
respectively, when compared to unmanaged forest. These findings indicate the forest 
management can have profound effects on ecosystem C stocks. There was a trend for increased 
thaw depth in thinned areas and a significant increase in thaw depth in shearbladed stands 
relative to unmanaged forests (Figure 3.3). Thinning increased thaw depth by an average of 16 
cm and shearblading by 42 cm. We had hypothesized that loss of the organic layer could induce 
permafrost degradation and our results suggest this may be occurring. These findings indicate 
that forest management, especially shearblading, many reduce ground stability, which could have 
implications for infrastructure and military training lands. 

Tree seedling density was highest in shearbladed areas, with an observed mean of 7 seedlings m2 
(Figure 3.4). Deciduous tree species seedlings were most common, however some black spruce 
seedlings were also present. Thinned and unmanaged forests averaged < 1 seedling m2. This 
result suggests that shearblading may facilitate deciduous forest establishment in areas 
previously dominated by black spruce. 

 

 
Figure 3.1. Live tree aboveground biomass in unmanaged forest (control), thinned, and 
shearbladed areas. Presented data is mean (SE) for all plots within each treatment. 
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Figure 3.2. Mean (SE) organic layer carbon stocks for control and managed study areas. 
 
 
 
 

 
Figure 3.3. Mean (SE) thaw depth for unmanaged (control), thinned, and shearbladed managed 
areas studied across interior Alaska. 
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Figure 3.2. Mean (SE) organic layer carbon stocks for control and managed study areas. 
 
 
 
 

 
Figure 3.3. Mean (SE) thaw depth for unmanaged (control), thinned, and shearbladed managed 
areas studied across interior Alaska. 
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Figure 3.4. Mean seedling density for deciduous and conifer species in unmanaged and managed 
study sites. 
 
 
Task 4. Moss and litter manipulation experiment 
 

Aboveground 

The mean age of trees across the study site was 45 years, indicating forest establishment 
following the 1958 fire. Within birch plots, 84% of the live trees were birch and 99% of the total 
aboveground biomass was the target plot species. Black spruce trees comprised 91% of all stems 
in the spruce plots and accounted for 83% of the total aboveground biomass. Total live tree 
biomass and basal area were significantly higher in birch stands relative to spruce (Table 4.1). 

Fresh birch foliage exhibited significantly higher concentrations of N, P, Ca, Mg, and K than 
current year black spruce needles (Table 4.2). Black spruce showed a significantly larger C:N 
ratio and higher C concentration than birch. A comparison of current and previous years’ growth 
of black spruce needles indicated significantly higher P and K concentrations in current year’s 
growth and significantly higher Ca in previous years’ growth (Table 4.2). Foliar litter showed a 
trend for higher N, P, Mg, and K concentrations in birch while current year spruce needles 
exhibited a larger C:N ratio and higher Ca concentration (Table 4.2). Total litter inputs were 
significantly higher in birch plots relative to spruce (Table 4.2). In birch plots, 76% of the 
incoming litter was birch foliar litter, while 50% of litter inputs in spruce plots were spruce 
needles. Branches and bark contributed to the total inputs in both stands, accounting for 21% and 
17% of total litter inputs in birch and spruce, respectively. Seeds, cones, and miscellaneous 
components also made minor contributions. 

Moss transplant and deciduous litter manipulation 

The initial survey of the 2013 moss growth data did not show any clear patterns for the 2012 
shoots (Figure 4.3) or for the 2013 shoots (data not shown). There was no clear effect of either 
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Figure 5.2. Relationship between leaf litter cover (%) and the square root of the total moss cover 
(%) in 51 mid-successional stands of interior Alaska according to the forest type. BP: Alaskan 
birch stands (n = 5). PT: Aspen stands (n = 13). PM+PT: Black spruce and aspen stands (n = 6). 
PM+BP: Black spruce and Alaskan birch stands (n = 9). PM: Black spruce stands (n = 18). a) 
Relationship between moss cover and leaf litter cover. b) Relationship between lichen cover and 
leaf litter cover with the trend line.  

  

Moss patterns differ among forest types and the amount of leaf litter 
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Figure 6.3. Correlations between ring width chronologies and mean monthly temperatures. 
Temperatures were obtained from SNAP climate data over a 17 month climatic window for the 
Steese (a,d,g,j),Taylor (b,e,h,k), and Dalton (c,f,i,l) Highways. Standard ring width chronologies 
were developed for south facing (a,b,c), north facing (d,e,f), dry flat (g,h,i) and wet flat (j,k,l) 
sites. The Y-axis in each figure represents correlation coefficients (black bars 
indicate=significant correlations at p < 0.05), and the X-axis represents months of the year 
(lower case = year prior to ring formation, uppercase = year of ring formation). 

Black spruce tree growth is negatively impacted by warming temperatures 
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Figure 3. ROL for different landscape categories based on field
observations (FL = flat lowland, FU = flat upland and S = slopes).
The length of the box represents the inter-quartile range, the dot and
the horizontal line in the box represents the group mean and median,
respectively. The vertical lines extend to the minimum and
maximum values. The different letters below the boxes indicate
significant differences in ROL among landscape categories.

temperature (Tpred) from the smoothing spline:

Tair = T(1901–1930) + (Tcurr − Tpred).

The detrending procedure was applied to the time series
of air temperature for each 1-km grid cell for every month of
the year. The scenario with changing fire regime combined
(1) historical records from 1950 to 2009 and (2) projected
scenarios from the ALaska FRame-based EcoSystem Code
(ALFRESCO1.0, Rupp et al 2001, 2002). This scenario
represents the changes in fire frequency in response to climate
change and changes in vegetation composition over time.
The normalized fire regime dataset was generated by using
a fire return interval (FRI) dataset that was developed from
the 1960–1989 fire data (Yuan et al 2012). This scenario
represents a constant fire frequency over time that reflects
conditions prior to the significant increase of annual area
burned observed in Alaska after the 1990s. For each 1-km grid
cell, the first fire year of the normalized fire regime dataset was
randomly chosen between 1900 and 1900 + FRI. The next fire
years then occurred at regular FRI.

The effects of warming, fire regime and local topography
and their interactions with the dynamics of active layer
thickness and soil carbon balance were statistically analyzed
for the sampled sites (Turetsky et al 2011a, 2011b), using an
analysis of variance. The absence of spatial autocorrelations
for the observed ROL was checked prior to the analysis
based on two indices (Moran’s I = −7.53 × 10−4, p =
0.375 and Geary’s c = 1.009, p = 0.624). The effects of
warming, fire and topography were tested by examining the
changes in organic layer thickness, active layer thickness
and soil carbon stocks, between the early 20th century and
the late 21st century. We computed the means of these
variables for the beginning of the 20th century (1901–1930)

Table 1. Importance and regression coefficient of the parameters
selected to predict relative organic layer Loss (ROL) from the
partial least square analysis. ET/PET (n − 1) is the ratio between
real and potential evapotranspiration for the year prior to the fire, as
simulated by TEM. VWC is the volumetric water content in the OL
at the date the fire occurs, as simulated by TEM. The regression
coefficients are for the centered scaled data (see section 2.1).

Parameters Importance
Regression
coefficient

Slope (deg) 1.071 0.098
N/S gradient 0.813 −0.074
Flow accumulation
(log-transformed)

0.881 −0.080

Wetness index 1.325 −0.121
Relief index 1.058 0.096
ET/PET (n − 1) 0.858 0.078
VWC 0.816 −0.065
Date of burn 0.992 0.090
Area burned (km2) 1.143 0.104

and the end of the 21st century (2071–2100), and then
took the difference between these two periods to compare
pre-industrial conditions with changes that occurred during
the entire period studied.

3. Results

3.1. Predictive model of ROL

Among all the descriptors, the landscape category was the best
predictor of ROL, accounting for 24.8% of the variability.
ROL was lower in flat lowlands (0.467 ± 0.177 cm cm−1,
mean ± standard deviation) and higher on slopes (0.712 ±
0.174 cm cm−1) and flat uplands (0.605 ± 0.140 cm cm−1).
ROL in flat uplands and slopes were marginally significantly
different from each other (figure 3, p = 0.052).

To take into account the importance of the landscape
categories in predicting ROL, an initial predictive model
was developed using continuous descriptors of topography
(from a 60-m resolution DEM) as surrogates of discontinuous
landscape categories (estimated in the field), as well as
descriptors of weather conditions, and fire characteristics
as independent variables (table 1). ROL increased with the
slope, relief index, ET/PET ratio, date of the burn and area
burned. ROL was negatively related to northern aspects,
flow accumulation, compound topographic index and the
volumetric water content (VWC) of the OL. Despite their
importance in the model, the 60-m resolution descriptors
used to assess topography and hydrological conditions were
not completely successful in reproducing the effect of the
field-assessed landscape categories on ROL. The landscape
category still had a significant effect on the residuals of this
model (F = 5.49, p = 0.002). Therefore we developed a
predictive model of ROL for each of the three landscape
categories (table 2). ROL was reduced on sites with a northern
exposure for both flat lowlands and slopes. In flat lowlands,
ROL was also reduced in sites with high flow accumulation
(wetter sites). ROL was reduced by high OL volumetric water
content and increased with the date of burn and the size
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Table 3. Results of the analysis of variance testing the effect of local topography, warming and fire intensification on changes in averaged
OL thickness, active layer thickness, soil carbon stocks from (1901–1930) and (2071–2100) in the sites where observations have been
collected. DF = degree of freedom, F = Fisher value, p = probability.

Source DF

Change in OL
thickness Change in ALT

Change in soil
carbon stock

F p F p F p

Local topography 2 9.80 <0.01 21.05 <0.01 2.98 0.06
Warming 1 19.54 <0.01 97.08 <0.01 15.81 <0.01
Local topography
× warming

2 2.58 0.08 4.38 0.01 0.28 0.76

Fire 1 359.76 <0.01 6.4 0.01 272.65 <0.01
Local topography × fire 2 35.27 <0.01 1.90 0.16 2.88 0.06
warming × fire 1 12.62 <0.01 1.13 0.29 3.80 0.05
Local topography
× warming × fire

2 0.16 0.85 0.08 0.93 0.07 0.93

significant for changes in OL thickness and soil carbon stocks,
suggesting that the effect of fire was intensified with warming
climate. This interaction, which was significant at the plot
level (table 3), was reduced at the regional level (figure 6),
because warming affected the entire landscape while only
44.7% of the landscape was estimated to have burned between
2010 and 2100.

Our simulation for historical warming and change in fire
regime over the entire study area (figure 1) indicates that
during the course of the 20th and 21st centuries, the OL
thickness decreased, active layer thickness increased, and soil
carbon decreased (figure 6). Warming alone caused a decrease
of 5.4 cm in OL thickness and 7579 gC m−2 soil organic
carbon loss by 2100. The addition of changes in fire regime
decreased OL thickness by 6.5 cm and soil carbon stocks
by 9817 gC m−2 by 2100 compared to the simulation with
no change in fire and no warming. Changes in fire regime
only induced a loss of 8792 gC m−2 of soil carbon stocks
by 2100. This loss was due to 1102 gC m−2 from soil carbon
combustion and 7690 gC m−2 from soil carbon decomposition
(figure 7). The increase in active layer thickness by 2100 was
similar (about 1.1 m) in response to warming alone, changes
in fire regime alone, and the combination of warming and
changes in fire regime. However, the change in active layer
thickness from the warming alone had a different trajectory
than the other two scenarios, indicating that changes in fire
regime exposed more soil carbon to decomposition during the
21st century than did warming.

4. Discussion

Recent changes in fire regime toward larger fire years and later
fire seasons in interior Alaska are estimated to have increased
total carbon emissions in Alaskan black spruce forest, due
to increased soil organic layer combustion (Turetsky et al
2011b). These increased emissions may cause the boreal
forest in interior Alaska to shift from being a net carbon sink
to a potential source (Hayes et al 2011, Yuan et al 2012). Fire
severity in the boreal forest region is affected by vegetation
composition (Hély et al 2001), drainage and permafrost (Kane
et al 2007, Turetsky et al 2011b, Kasischke et al 2012), and
weather conditions (Clark 1988, Duffy et al 2005). Because

Figure 6. Time series of changes in (a) organic layer thickness,
(b) active layer thickness and (c) soil carbon content from 1901 to
2100 for the equilibrium scenario (gray solid line), warming only
scenario (gray dotted line), for the fire intensification only scenario
(black dotted line), for the warming and fire intensification scenario
(black solid line).

of projected increases in area burned in boreal regions (Gillett
et al 2004, Flannigan et al 2005, Balshi et al 2009a), it is
essential that ecosystem models represent the drivers of fire
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Modeling organic layer loss, active layer, and soil carbon  
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Figure 1. Location of the sampled sites and the area of simulation in interior Alaska.

variability of fire severity effects (Yi et al 2010, Yuan et al

2012). Recent empirical studies have more comprehensively
documented the effects of topography, weather and vegetation
on organic layer loss in black spruce forests of interior
Alaska (Turetsky et al 2011b), and provide the opportunity
to move from a look-up table approach toward a much finer
representation of continuous variation in fire severity effects
across the landscape in ecosystem models. Some recent
remote sensing studies have demonstrated the possibility of
using this data to estimate fire severity at the regional scale
(Barrett et al 2011).

The objectives of this study are to (1) develop a predictive
model of landscape-level effects of fire severity on soil
organic horizons for black spruce forests using a recent large
database of observations collected in interior Alaska, and (2)
use this model to evaluate the long-term consequences of
warming and changes in fire regime on active layer thickness
and soil carbon stocks of black spruce forests across the
landscape in interior Alaska. We used existing observations
of post-fire organic layer loss to develop a predictive model
that reproduces the spatial and temporal variability of fire
severity. We then used the terrestrial ecosystem model with
dynamic organic soil layers (DOS-TEM; Yi et al 2010; Yuan
et al 2012), an ecosystem process-based model coupled with
our predictive model of fire severity to assess the relative
importance of warming, fire regime and local topography on
future active layer thickness and soil carbon stocks across a
boreal landscape in interior Alaska.

2. Material and methods

2.1. Development of a predictive model of post-fire reduction

of organic layer (OL) thickness

We used existing observations of the OL thickness in recently
burned black spruce forests of interior Alaska (figure 1) along

with information about topography, weather and fire history
to develop a predictive model of the relative loss of OL (ROL)
due to fire. In this study, ROL refers to the ratio between the
loss of OL thickness and the pre-fire OL thickness:

ROL = (OLTpre − OLTpost)

OLTpre
(1)

where OLTpre and OLTpost are the pre-fire and post-fire
organic layer thickness, respectively. The data used for this
analysis are from 178 black spruce dominated stands in
interior Alaska. Data were stratified into three landscape
categories representing different drainage conditions: flat
lowland (poorly drained), flat uplands (well drained), and
slopes (very well drained, depending on slope angle and
aspect, for the influence of runoff and light regime). These
landscape categories were assessed from field observations of
local topography. The sampled sites covered 31 fire events that
occurred between 1983 and 2005 (Turetsky et al 2011b). For
each site, the database contained the coordinates of the sites,
the measured pre-fire and post-fire OL thickness, the name,
date and size of the fire event, and the landscape category.
The loss of OL was quantified using adventitious roots as
a marker for pre-fire OL thickness (Kasischke et al 2008),
combustion rods (Ottmar and Sandberg 2003), or comparison
of OL thickness in paired burned versus unburned stands
(Kasischke and Johnstone 2005, Harden et al 2006). Further
details on the database can be found in Turetsky et al (2011b)
and the data used in the present analysis have been archived in
the Bonanza Creek Long Term Ecological Research database
(Kasischke 2013).

We used the database information to then assess
the effects of topography and hydrology on ROL using
the National Elevation Dataset of the USGS at 60-m
resolution (NED, http://ned.usgs.gov/). The topographic
descriptors tested included slope, aspect, log-transformed
flow accumulation, compound topographic index, curvature,

3
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Figure 9.9. Map showing simulated fire scars for the retrospective period 1900-2010. Individual 
fire scar colors indicate age of burn going from oldest (red) to youngest (green). 
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Simulating wildfire activity and severity 
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Question 1: How does simulated fire frequency respond to different climate 
scenarios during the 21st Century on, and adjacent to, military lands of the Upper 
Tanana Valley? 

Question 2: How might changes in the fire management options within military 
training land boundaries influence the frequency and extent of wildfire activity on, 
and adjacent to, military lands in the Upper Tanana Valley during the 21st Century? 

Question 3: How might wildlife habitat suitability change on military lands in the 
Upper Tanana Valley through the 21st Century? 

Modeling activities to inform decision making on DoD training lands 
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Simulating wildfire in response to changing fire management options 


